The ability of normal and Crohn's disease neutrophils to kill Candida albicans has been studied using neutrophils isolated from peripheral blood 
The inactivation of invading micro-organisms is the most important function of the neutrophil. Although various abnormalities of neutrophil function have been reported in Crohn's disease,' their capacity to kill granuloma provoking organisms has not been evaluated.
This study was designed to investigate the ability of Crohn's disease neutrophils to kill Candida albicans. The organism was chosen for study because it is present in the gastrointestinal tract of 14-47% of the healthy population2 3 and causes chronic inflammatory diseases, such as chronic mucocutaneous candidiasis, and leads to granuloma formation.3 It may also cause enteritis4 and allergic colitis.56 It is a convenient organism to culture compared to other organisms responsible for causing chronic inflammatory conditions. Whereas C albicans can be cultured in two to three days, mycobacteria, for example, require four to 12 weeks. It is a relatively safe organism to handle and is the species most resistant to killing by neutrophils. 7 Phagocytosis was studied using a sensitive radiometric assay to determine whether impairment of candidacidal activity could be a result of this.
Methods

PREPARATION OF ORGANISMS
C albicans from the same source were used in all experiments. The organisms were isolated from the faeces of a healthy woman who was taking no drugs. The organism was maintained in stock culture on a slope of malt extract agar (Oxoid) at room temperature. When required, a sample of the organisms was inoculated into approximately 50 ml Sabouraud liquid medium (Oxoid) and grown to a stationary phase for three to five days at 30°C. The organisms were washed twice in Dulbecco's B phosphate buffered saline (PBS), centrifuged at 1500 g for 10 minutes after each wash, counted in an improved Neubauer haemocytometer, and suspended in PBS at a concentration of 107 organisms per ml. Freshly cultured organisms were used in all tests.
PREPARATION OF NEUTROPHILS
Neutrophils were isolated from fresh venous blood using discontinuous density gradients of Percoll (Pharmacia) as follows. An iso-osmotic stock solution of Percoll was made by adding 1 part 1-5 M saline to 9 parts Percoll (resulting density 1-123 g/ml). Stock Percoll was further diluted with 0 15 M saline to densities of 1-070 g/ ml' and 1-097 g/ml9 for the separation of white cells. In a sterile universal container was placed 6 ml Percoll of density 1-097 g/ml, then 4 ml Percoll of density 1 070 g/ml was carefully layered on top avoiding mixing at the interphase. Five ml heparinised blood was diluted with an equal volume of 0 15 M saline and carefully layered on top of the Percoll in the same way. The tube was centrifuged at 200 g for 25 minutes, to ensure isopycnic banding of cells at the relevant interphases; granulocytes were suspended between the two layers of Percoll. They were removed with a pipette and washed twice in PBS and centrifuged at 1500 g for 10 minutes after each wash. Any contaminating erythrocytes were lysed by hypotonic shock treatment by resuspending the cells in tris-ammonium chloride for 10 minutes before the second wash. Neutrophils were counted in an improved Neubauer chamber and resuspended in PBS at concentrations of 5 x 106 cells per ml. All neutrophil suspensions were at least 95% pure and viability, assessed by trypan blue exclusion tests,7 was 98%.
CANDIDACIDAL ASSAY
The study was performed in two parts using Table I . Neutrophils were suspended at 8x 10' cells/ml PBS and C albicans at 4x 106 organisms/ml PBS, a Candida:neutrophil ratio of 5:1. A 0 5 ml neutrophil suspension, 0 5 ml Candida suspension, and 50 ,ul autologous After the second incubation 0-1 ml aliquots were withdrawn from each microtitre well after mixing and transferred to a Whatman GF-B filter (pore size 1 rim) prewetted with PBS. Each filter was washed with approximately 8 ml sterile distilled water under suction from a stream of water to remove free radioactivity, so as to leave only Candida-associated radioactivity on the filter. To confirm that the wash was sufficient to remove all free radioactivity, 3H-uridine was placed on four filters and washed precisely as described; only background radioactivity could be detected on them.
The filters were dried overnight, placed in scintillation fluid, and the radioactivity counted. To check that no Candida passed through the filter the filtrate was centrifuged and the pellet examined under a microscope; it contained a few fragments of glass fibre from the filter but no organisms.
The mean number of Candida phagocytosed per neutrophil (the phagocytic index), was calculated using the following formula:
Phagocytic index= 1-(dpm for Candida+neutrophils) x (dpm for Candida alone) still significantly greater using normal neutrophils (83-2 (7) (18-4) 78-7 (8 5) 48-9 (20 6) 73-7 (14-6) *Denotes patient with active disease.
( Table V, Fig 6) . These results were obtained from 17 assays with autologous serum and 14 with crossed serum at the 30 minute time point. At 60 minutes two plates from each group were unsuitable for counting so that 15 and 12 results respectively were available for analysis.
PHAGOCYTOSIS
Normal neutrophils incorporated a mean (SD) of 2 0 (0 98) C albicans and Crohn's disease neutrophils a mean (SD) of 1-9 (0-88) C albicans (Table  VI, Fig 7) . These results are not significantly different. Lehrer and Cline'3 first showed in vitro the phagocytosis and killing of C albicans by human neutrophils and monocytes. The process is rapid; more than 90% of C albicans injected into the bloodstream of rabbits is removed within 10 minutes'4 and more than 70% is removed within five minutes from the blood stream of rats.'5 The yeast are killed intracellularly by the phagocyte peroxide/myeloperoxidase system'""' and a nonoxidative fungicidal mechanism.1618 There are no reports of candidacidal activity in patients with inflammatory bowel disease, but neutrophil myeloperoxidase is probably normal in Crohn's disease. '9 A Candida/neutrophil ratio of group.bmj.com on July 6, 2017 -Published by http://gut.bmj.com/ Downloaded from disease neutrophils to phagocytose would result in impaired killing ability. A radiometric assay was used,20"2 based on the observations that the uptake of 3H-uridine by Candida is an index of phagocytic function, that there is linear correlation between uridine incorporation and yeast numbers, and that neutrophils do not take up uridine in short term cultures so that candida within neutrophils have no access to uridine.2' The assay is one of the best available for measuring phagocytosis and opsonisation,2223 and no abnormality was found.
There was no evidence that normal or Crohn's disease serum alone had candidacidal activity, a mean of 92% of C albicans remaining after one hour. This confirms the findings of Wilkinson,24 who reported that less than 10% of organisms should be dead after one hour. Some counts were greater than 100%, presumably because Candida continued to multiply during the assay -serum at 37°C is a good stimulant of Candida germ tube formation.2526 A few counts in normal serum were quite low at 30 and 60 minutes, due either to a sampling error or to the presence in serum of antibodies to Candida which result from the host's immune response to infection. There is no good published evidence for true fungistasis of C albicans by serum.3
Many factors can affect neutrophil function and in patients with Crohn's disease malnutrition is an important consideration. We, however, found similar results in patients with quiescent and active disease and know of no data suggesting that patients in a quiescent phase of their disease are malnourished. Hill et al found that malnutrition was unlikely to be present when patients with inflammatory bowel disease were in remission or during the early stages of an acute attack.27 Deficiency of micronutrients, such as iron, necessary for normal neutrophil function is unlikely to have caused the impaired killing since iron is an essential growth factor for C albicans. Iron deficiency offers a competitive advantage to the host rather than the organism because iron binding to transferrin and lactoferrin renders the level of free ionic iron too low for microbial growth.28 9 The growth of C albicans in human serum is direcdly related to the percentage of iron saturation30 and iron deficiency increases resistance to C albicans in vivo.3' If our patients were iron deficient the killing of Candida would have been greater than that in normal subjects.
An unexplained finding is that some patients had normal neutrophil candidacidal activity, as shown by the overlapping results in Figures 2 and 3. The reason is not clear but the results imply that the defect is either intermittent or occurs only in certain patients, but these were not necessarily patients with quiescent disease or those on a particular treatment.
Neutrophils from many patients with Crohn's disease have an impaired ability to kill C albtcans, an organism known to cause chronic inflammatory diseases. There was no evidence of a serum inhibitor, defective opsonisation, or impaired phagocytosis, and a cellular defect is the most likely explanation. Further work is needed to determine the reason for these findings and whether they are disease specific.
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